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Clinical features in Border terrier dogs with paroxysmal involuntary movements
Background -There have been anecdotal reports of episodic involuntary movements in the Border terrier dog breed for over a decade. Recently, it has been hypothesized that this condition may be a form of paroxysmal dystonic choreoathetosis. The aim of this study was to characterize the phenomenology and clinical course of this condition and compare it to known human movement disorders. Methods -Data were collected retrospectively from clinical cases treated by veterinary neurologists and additional information was collected prospectively with an ad hoc online survey directed to owners of affected dogs.
Results -The episodes are characterized by generalized dystonia, tremors, titubation and in some cases, autonomic signs such as salivation and vomiting. The median age at onset of the episodes was 3 years and the interval between clusters of episodes could last several months. Most of the episodes occurred from rest and 67% of the owners reported that the episodes were associated with a trigger, most often excitement. Some owners reported an improvement after changing their dog's diet. We hypothesize that the Border terrier attacks represent a form of paroxysmal non-kinesigenic dyskinesia (PNKD). Conclusions -The finding of a dystonia phenotype within an inbred population suggests a genetic predisposition and elucidating the genetic cause could facilitate improved understanding of dystonia. This genetic predisposition and the effect of treatment with anticonvulsant drugs and dietary changes on the severity of the paroxysms warrant further investigation on this condition. 
214
Five owners (5/41 or 12%) reported an improvement after switching to a different commercial reported to be free of episodes for one and eight years, and two owners reported a significant 217 (>50%) decrease in the frequency of the episodes.
219

Discussion
220
The objective of this study was to describe the phenomenology of paroxysmal involuntary 221 movements in Border terriers to advance our knowledge of this condition and generate 222 hypotheses for future pathophysiology and genetic studies.
223
The limitations of this study were its retrospective nature and the use of information derived from week) and last longer than in PKD (from 10 minutes up to 12 hours, although usually not longer 253 than 1 hour). 6 Eighty percent of genetically proven cases of human PNKD were found to have a 254 combination of dystonia and chorea; however 12% had only dystonia as seen in Video 1 and 2 of 255 Border terriers attacks. 6 Primary PNKD usually has no other associated interictal signs similar to Table 1 . 6
263
Finally, PNKD attacks in humans occur spontaneously at rest but more often after provocation by 264 alcohol or coffee. 7 Interestingly, some of the findings in our study seem to suggest an association 265 between severity of the Border terrier attacks and diet: five owners reported an improvement in 266 the frequency of the episodes after switching to a different commercial diet and, for one dog, after 267 discontinuing rawhide chews. Similar findings were reported by Black and colleagues, in a recent 268 study describing this condition in 29 Border terriers; the study was based on an owner survey and 269 the authors reported that excitement, stress and waking from sleep could trigger the episodes in 270 some dogs, however, in the majority of the dogs the episodes appeared to occur at random. 3 In
271
Black's study, 26/29 (90%) owners changed their dog's diet suspecting an association between 272 the attacks and diet. 3 The majority of the owners selected hypoallergenic diets and over 50% of 273 the owners that participated in the survey reported a reduction in the frequency of the episodes. 3 
274
The limited number of dogs in our study and the fact that the new diets were all different does not 275 allow conclusions to be drawn. It is possible that the response to a change in diet might be a 276 placebo effect, as previously described in canine epilepsy trials, and induced by similar anecdotal 277 claims reported on the World Wide Web. 8 It is also possible that the new diets improved the 
288
The Border terriers included in Black's study presented with episodes of abnormal involuntary 289 hyperkinetic movements or muscle tone; dogs with concurrent urination, defecation, 290 hypersalivation were excluded from the study. 3 In our study, we found that 56% of the dogs with 291 similar episodes of involuntary movements showed autonomic signs during the episodes, most that the tremors affected the trunk and 49% (23/47) limbs, see Table 1 for more details on the 170 clinical presentation, information derived from survey and clinical cases groups was pooled.
171
During the episodes both sides of the body were similarly affected in 85% (39/46) of the dogs.
172
The owners described increased muscle tone during the episodes in 82% (37/45) of the dogs. 
214
Five owners (5/41 or 12%) reported an improvement after switching to a different commercial 215 diet (n=4) or elimination of a specific type of treats (i.e. rawhide chews, n=1), two dogs were 216 reported to be free of episodes for one and eight years, and two owners reported a significant 217 (>50%) decrease in the frequency of the episodes.
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Finally, PNKD attacks in humans occur spontaneously at rest but more often after provocation by 264 alcohol or coffee. 7 Interestingly, some of the findings in our study seem to suggest an association 
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The Border terriers included in Black's study presented with episodes of abnormal involuntary 289 hyperkinetic movements or muscle tone; dogs with concurrent urination, defecation,
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hypersalivation were excluded from the study. 3 In our study, we found that 56% of the dogs with 291 similar episodes of involuntary movements showed autonomic signs during the episodes, most 
